It is widely assumed that photons cannot be manipulated using electric or magnetic fields. Even though hybridization of photons with electronic polarization to form exciton-polaritons has paved the way to a number of ground-breaking experiments in semiconductor microcavities, the neutral bosonic nature of these quasiparticles has severely limited their response to external gauge fields. Here, we demonstrate polariton acceleration by external electric and magnetic fields in the presence of nonperturbative coupling between polaritons and itinerant electrons, leading to formation of new quasiparticles termed polaron-polaritons. We identify the generation of electron density gradients by the applied fields to be primarily responsible for inducing a gradient in polariton energy, which in turn leads to acceleration along a direction determined by the applied fields. Remarkably, we also observe that different polarization components of the polaritons can be accelerated in opposite directions when the electrons are in ν = 1 integer quantum Hall state.
It is widely assumed that photons cannot be manipulated using electric or magnetic fields. Even though hybridization of photons with electronic polarization to form exciton-polaritons has paved the way to a number of ground-breaking experiments in semiconductor microcavities, the neutral bosonic nature of these quasiparticles has severely limited their response to external gauge fields. Here, we demonstrate polariton acceleration by external electric and magnetic fields in the presence of nonperturbative coupling between polaritons and itinerant electrons, leading to formation of new quasiparticles termed polaron-polaritons. We identify the generation of electron density gradients by the applied fields to be primarily responsible for inducing a gradient in polariton energy, which in turn leads to acceleration along a direction determined by the applied fields. Remarkably, we also observe that different polarization components of the polaritons can be accelerated in opposite directions when the electrons are in ν = 1 integer quantum Hall state.
Controlling photons with external electric or magnetic fields is an outstanding goal. On the one hand, coupling photons to artificial gauge fields holds promises for the realization of topological and strongly correlated phases of light [1] [2] [3] [4] . On the other hand, effecting forces on photons constitutes both a problem of fundamental interest in electromagnetism and an important step in view of technological applications [5] [6] [7] [8] . One promising avenue towards this goal is to hybridize photons with material excitations that are genuinely sensitive to gauge fields [9] . In this non-perturbative regime, exciton-polariton states are formed, ensuring that the forces acting on the material excitations are directly imprinted onto the photon. However, the neutral bosonic nature of polaritons has so far severely limited their response to gauge fields [10] [11] [12] [13] .
A particularly appealing approach to circumvent this limitation is to leverage on the interaction between excitons and charges. Indeed, early reports on the drift of trions in an electric field [14, 15] , as well as on the Coulomb drag effect in bilayer systems [16] [17] [18] [19] indicated that it may be possible to manipulate neutral excitations using electric fields in a solid-state setting. Recently, experimental [20] and theoretical studies [21] reported the electrical control of the speed of a polariton superfluid, raising new questions and possibilities regarding the interplay between the normal and condensed fractions of the fluid in the presence of electron-exciton interactions.
While interactions between polaritons and electrons have been proposed and analyzed as a mechanism for polariton thermalization [22] [23] [24] [25] , early studies reported the modifications to polariton resonances in the presence of a Fermi sea [26] [27] [28] . These modifications stem form dispersive interactions between the polarizable excitonic component of the polariton with the charge-density fluctuations of the Fermi sea [29] [30] [31] . In a typical setting where excitons are hosted by a GaAs quantum well * These authors contributed equally: T. Chervy and P. Knüppel.
(QW), the existence of a spin-singlet trion bound channel leads to the formation of two optically active branches referred to as attractive and repulsive polarons [32, 33] . These polaronic states consist of an exciton dressed by collective trion-hole excitations of the Fermi sea, where the spin of the photo-excited electron is opposite to that of the dressing Fermi sea electrons [32] [33] [34] . Upon decreasing the electron density, the quasi-particle weight of the repulsive polaron branch, quantifying its excitonic character, increases. In the limit of vanishing electron density, the repulsive (attractive) polaron asymptotically becomes the bare exciton (molecular trion) state with strong (vanishing) coupling to the cavity mode [32] . The many-body polaronic states are expected to be charge neutral [31, 32] , suggesting the absence of coupling to external fields. In a recent theoretical study however, it was shown that neutral polarons are sensitive to the average force on electrons, leading to a finite polaron transconductivity in the non-equilibrium limit -an effect that is observable even when polarons hybridize with cavity photons [35] .
In the present work, we demonstrate experimentally that external electric and magnetic fields effect forces on polaron-polaritons. In contrast to earlier proposals, we find that the observed polariton acceleration primarily originates from a source-drain voltage induced density gradient in the two dimensional electron gas (2DEG) in which polaritons are immersed. Remarkably, we show that the direction of the resulting force can be changed by an externally applied magnetic field, since the induced Hall voltage creates transverse density gradients. Finally, we extend this approach to demonstrate spin-selective acceleration of polaritons when the 2DEG is in the integer quantum Hall regime.
The sample used in this study is a monolithic distributed Bragg reflector optical microcavity with a quality factor Q = 5.5 · 10 3 grown by molecular-beam epitaxy. The structure contains a single optically active GaAs QW of 20 nm thickness located at the central antin- ode of the cavity field. This QW is remotely doped from both sides by Si impurities embedded in thin GaAs QWs (10 nm thickness) located at the nodes of the cavity field. The doping QWs thus provide electrons to the optically active QW where a 2DEG is formed with nominal electron density of n e = 0.33 · 10 11 cm −2 and mobility µ = 1.6 · 10 6 cm 2 V −1 s −1 (see [36] for further details on the sample fabrication). To study the interplay between polariton transport and 2DEG physics, the sample is etched in the form of a Hall bar with annealed electrical contacts to the 2DEG, as depicted in Fig. 1(a,b) . A photo-luminescence (PL) scan map of the sample, recorded at normal incidence (in-plane momentum k = 0), is shown in Fig. 1(d) outlining the shape of the Hall bar. The increase in emission energy of about 3 meV/mm from left to right is due to a wedge in the cavity length introduced during sample growth. The sample is cooled to a base temperature of 20 mK in a dilution refrigerator with free space optical access enabling simultaneous position and momentum resolved microscopy, as well as magneto-transport experiments (see Supplemental Material [37] ).
We first characterize the electrical properties of our sample by a four-point current-voltage (I-V) measurement yielding the characteristic shown in Fig. 1(c) . At low source-drain voltage bias the I-V curve is linear with a 2DEG resistivity of 210 Ω/sq. Increasing the sourcedrain bias to ca. ±1 V, the I-V curve becomes nonlinear, entering a regime where the externally applied electrochemical potential leads to a spatially varying chemical potential of the 2DEG. At even larger source-drain bias, the 2DEG is depleted and we recover a linear I-V characteristic with an increased resistivity of 1500 Ω/sq, corresponding to electrical conduction in parallel channels (see Supplemental Material [37] ).
These different regimes of the 2DEG behavior have a counterpart on the optical response of the system. The dispersive polaron-polariton branches are well reproduced by the coupled oscillators fit shown in dashed lines. Figure 2 (b) shows the angular dispersion acquired while applying a large bias of −6 V to the left contact and putting the right contact to ground, ∆V L = −6V (see Fig. 1(a) ). There, we measure the typical exciton-polariton dispersion of an intrinsic QW with anticrossings about the heavy-hole and light-hole exciton energies, as expected from the 2DEG depletion observed in the I-V characteristic.
In between these two extremes, at intermediate bias voltages, the electron density shows smooth spatial gradients across the Hall bar as demonstrated in Fig. 2 
Here, the polariton spectrum is recorded at positions across the long axis of the Hall bar and at fixed collection angle corresponding to k = 1.2 µm −1 . On the left side, where the negative bias is applied, the sample is devoid of electrons and the spectrum resembles a vertical cut in the dispersion of Fig. 2(b) . Moving to the right, the electron density increases and we gradually recover polaron-polariton spectra corresponding to the dispersion of Fig. 2 (a) as the oscillator strength is gradually transferred from the excitonic to the polaronic resonances. Reversing the applied electric field (∆V R = −2.4 V) inverts this density gradient, as shown in Fig. 2(d) . Such electron density gradients constitute electrically tunable potential landscapes for polaritons which we explore in the following to transport neutral optical excitations.
To demonstrate polariton transport, we resonantly excite a polariton cloud and image its expansion in two opposing electron density gradients. The excitation laser, at 1524.0 meV (813.54 nm), is linearly polarized and focused in the central region of the Hall bar (x = 450 µm in Fig. 1 and 2 ), thus injecting a radially expanding cloud of polaritons with finite k . The decaying polariton signal is collected by the same microscope objective lens and separated from the scattered excitation beam by polarization filtering. A finite strain along the crystalline axes in the structure allows us to obtain this resonance fluorescence (RF) signal by polarizing the excitation beam at 45 • with respect to the polarization eigenbasis defined by strain (see Supp. [37] ). Two images, I R and I L , of this RF signal are acquired under source-drain biases of ∆V R = −2.4 V and ∆V L = −2.4 V, respectively. These two voltages were chosen such that at the injection spot on the Hall bar, the electron densities are the same and the gradients are of opposite signs. This choice is not necessary but simplifies the observation of polariton acceleration as there is no trivial difference between dispersions and thereby group velocities between the two images to be compared. Figure 3 In order to model this effect, we measure the polariton dispersion at the two sides of the field of view (x = 0 and x = 50 µm in Fig. 3(a) ) and perform a coupled oscillator fit. By linearly interpolating across the field of view, we characterize the lower polariton energy landscape E LP (x, k x ), separately for the two density gradients used to measure I R and I L (see Supplementary Material [37] ). Starting from the classical Hamilton equations of motion in one dimension (x), we propagate the experimentally determined initial conditions k x (0) = ±1.2 µm −1 to predict the emission intensity I(x), again repeated for the two energy landscapes corresponding to the two opposing gradients. As in the experiment, we calculate the normalized difference between the two cases and compare the result (green dashed line) with the experiment in Fig. 3(b) . The red-blue colored line is a line cut through Fig. 3 (a) at y = 25 µm and the black curve is an average over y between 10 and 40 µm. Remarkably, this simple approach allows us to obtain reasonable quantitative agreement with our data.
We can further control the polariton flow by applying a magnetic field perpendicular to the QW plane. In conjunction with a finite source-drain bias, this induces a Hall voltage transverse to the applied potential leading to charge redistribution in the y-direction [38, 39] . The combined electric and magnetic fields now shape the electron density gradient which can be tuned in angle and magnitude, as demonstrated in Fig. 3 (c-f). Figure 3 (c) corresponds to alternating voltage biases of ∆V R = −2.4 V and ∆V L = −2.4 V and a fixed magnetic field of 8 mT and shows the possibility to orient the polariton flow in a diagonal direction. Further increasing the magnetic field to 40 mT ( Fig. 3 (e)) leads to polariton transport in the up-down direction with an intensity contrast of ca. 50%. Moreover, flipping the sign of the applied magnetic field reverses the direction of polariton transport, as shown in Fig. 3 (d,f).
While these results demonstrate the possibility to transport dressed photons (i.e. polaritons) by electric and magnetic fields, it should be noted that we do not observe here a Lorentz force for photons. In particular, the force acting on polaritons does not appear to depend on the direction of their motion. As clearly shown in Fig. 3 (e,f), both the polaritons propagating to the left and to the right are deflected in the same direction. The polariton acceleration is determined only by the electron density gradient which in turn is controlled by the combination of magnetic field and electrical bias. In other words, the nonperturbative coupling of polaritons to itinerant electrons allows for the control of photons by electromagnetic forces acting on the electronic sector. In the last part of this article, we demonstrate how this idea can be extended to realize transverse polariton spin currents reminiscent of an intrinsic spin-Hall effect when the 2DEG is close to the ν = 1 integer quantum Hall state.
At low temperature and under a strong magnetic field, the excitation spectrum of a high mobility 2DEG exhibits energy gaps due to the quantization of cyclotron orbits. These Landau levels are further split by a Zeeman field, forming a ladder of spin sub-bands for the electrons. As the occupancy of this ladder is varied (e.g. by tuning the magnetic field), the 2DEG undergoes phase transitions between ground states of different spin polarization S z . The interplay between the spin polarization of the 2DEG and the spin of the optically generated electron leads to dramatic modifications of the spin-singlet polaronpolariton spectrum, as shown in Fig. 4 (a) and discussed in details in Refs. [36, 40] . In particular, at filling factor ν = 1 (1.26 T), we observe a strong reduction in the attractive polaron-polariton Rabi splitting Ω for left-hand circularly polarized light σ − and a concomitant increase for right-hand circularly polarized light σ + , revealing the spin polarization of the 2DEG at this integer quantum [36] . In this quantum Hall regime, the charge density gradients demonstrated above translate into gradients of 2DEG spin polarization, resulting in optical spincontrasted forces for polaritons. Figure 4(b) shows the evolution of the polariton spectrum at k = 1.2 µm −1 , recorded from the lower edge to the upper edge of the Hall bar (y-direction) under a voltage bias of ∆V R = −0.17 V and a magnetic field of 1.1 T. We observe four energy branches, as expected from a vertical cut in Fig. 4(a) near ν = 1, where the two inner branches are the σ − -polarized lower and upper polaritons and the two outer ones are the σ + -polarized lower and upper polaritons. As can be seen from this panel, the degree of electron spin polarization of the 2DEG S z evolves across the Hall bar and can be controlled electrically as shown in Supplemental Material [37] . Remarkably, such variations in S z constitute gradients of opposite signs for the σ + and σ − polaron-polariton energy landscapes.
To investigate the resulting spin-dependent polariton acceleration, we first perform momentum-resolved measurements by imaging the polariton RF emission (see Supplemental Materials [37] ). An excitation energy of 1523.8 meV (813.62 nm) is chosen to intercept both σ + and σ − lower polariton dispersions at finite k . Figure  4(c,d) show the momentum-resolved polariton RF signal for ∆V R = −0.17 V and ∆V L = −0.35 V respectively. As can be seen in Fig. 4(c) , the inner σ − -polarized branch is shifted towards positive k y while the outer σ + -polarized branch is shifted towards negative k y . This observation directly demonstrates an in-plane acceleration whose sign depends on the polaritons spin polarization in the given quantum state S pol z , that is the component of the polariton pseudo-spin normal to the sample surface [41] . The effect is reversed in Fig. 4(d) , where the external bias and thereby the gradient in electron spin polarization points in the opposite y-direction. The real-space counterpart of this acceleration allows for the generation of transverse optical spin currents, reminiscent of an intrinsic optical spin-Hall effect [42] [43] [44] [45] [46] [47] [48] .
To demonstrate the generation of transverse polariton spin currents, we inject polariton waves of well defined momenta by focusing the excitation beam in the backfocal plane of the objective lens. Figure 4 (e,f) correspond to excitation at k x = −0.9 µm −1 , k y = 0 and k x = −1.3 µm −1 , k y = 0, resulting in right propagating polaritons with σ − and σ + polarization, respectively. The normalized difference of the propagation images, acquired with the two different voltage biases, indeed reveals opposite acceleration of σ − and σ + polaritons along the y-direction.
The spin-dependent momentum shifts demonstrated here, although capable of generating transverse spin currents, remains fundamentally different from the usual Rashba type coupling at the origin of standard spin-Hall effects. Instead, the interaction reported here is analogous to a force for photons, where the spatially varying electron spin polarization (S z ) acts as an accelerating potential, sorting polaritons of different spin (S pol z ) in different directions:
It should be noted that the evolution of electron spin polarization around ν = 1 quantum Hall plateau is widely believed to involve the proliferation of skyrmions in the quantum Hall ferromagnetic state due to the interplay between Zeeman and Coulomb energies [49] . The spinsinglet polaron-polariton dressing thus constitutes a new interface for coupling the optical spin of photons to the electronic spin excitations of 2DEGs. The behavior of such interactions in the fractional quantum Hall regime where excitons may be dressed by fractionally charged quasi-particles, as well as the residual interactions between these fractional quantum Hall polaritons remain to be explored [50] . In summary, we demonstrated novel ways to control polariton flows using external electric and magnetic fields. A non-equilibrium electron density gradient acts as an effective electric field for polaron-polaritons and is tunable in strength and direction. We foresee that this effective electric field could be further controlled by tailoring the 2DEG density e.g. using patterned electrodes. By mapping the energy landscape of the lower polariton, we reach quantitative agreement between a simple trajectory based model and the observed polariton acceleration. Our experiment constitutes an alternative to the already proposed polariton drag effect for effecting electro-magnetic forces on neutral optical excitations [18, 35] . We emphasize that the electron density gradients we exploit are generic for low density 2DEGs when large source-drain voltages are applied and therefore need to be considered in view of polariton drag experiments. In the integer quantum Hall regime, we demonstrate that electron spin depolarization, induced by the proliferation of skyrmions as the electron density gradient pushes the system away from ν = 1 filling, constitutes a scalar potential for the optical spin of photons and results in spindependent accelerations. This observation suggests that magnetic excitations of a spin-ordered system, such as magnons, could be used to transport polaron-polaritons. Figure S1 depicts the optical setup used in this study. The free space optics used for excitation, collection and imaging are mounted in a cage assembly that is attached to the bottom of the dilution refrigerator (Blue-Fors LD250 with American Magnetics Inc. 9 T + 3 T vector magnet). Optical windows through the different shields of the cryostat offer free space optical access to the sample which is thermally anchored on the mixing chamber at a base temperature of 20 mK. The sample is electrically contacted as described in the main text and mounted on XYZ nanopositioners (Attocube ANPx101/RES, ANPz102/RES). A cold, high numerical aperture (NA) objective lens (Thorlabs 354330-B) allows for high resolution microscopy of the sample at base temperature. The excitation light (white light: Exalos EXS210036-01, resonant laser: Sacher TEC500 or PL laser: Melles Griot 05-SRP-812) is delivered by a single mode optical fiber and is collimated and directed to the microscope objective lens. The light emitted or reflected by the sample is refracted by the same objective lens and is simultaneously imaged onto real space and Fourier space CCD cameras (FLIR CM3-U3-13S2M-CS) as well as on the facet of a single mode optical fiber conjugated with the back-focal plane of the microscope objective. This collection fiber is mounted on an XY motrized stage (Thorlabs PIAK10) and is connected to a spectrometer (Princeton Instruments Acton SP2500), allowing to record spectra at different angles within the NA of the objective lens. Conversely, light can be sent via this collection fiber in order to excite polaritons with finite in- plane momentum. Due to the long distance between the sample and the bottom of the dilution refrigerator (ca. 50 cm), the optical setup is not fully conjugated and relies instead on an image forming lens L1 and a 2f optical relay lens L2. The excitation, detection and imaging arms are all equipped with linear polarizers (Thorlabs LPVIS050) and quarter-wave plates (Thorlabs WPQ05M-808).
In order to account for the spectral shape of the white light source, the reflection spectra shown in the main text are corrected by the following procedure. First a numerical low-pass filter is applied to remove fast spectral etaloning fringes. The slowly varying spectral shape of the white light is then extracted using the fact that the polariton signal disperses as a function of some tuning parameter (position, momentum or magnetic field), while the lamp shape remains constant. By sorting the individual spectra along this tuning parameter axis we can extract the lamp shape and use it to normalize the reflection spectra.
II. ELECTRICAL TRANSPORT PROPERTIES
As shown in Fig. 1(b) of the main text, the annealing technique used to contact the 2DEG also contacts the low mobility doping QWs. Our device thus corresponds to a field effect transistor where the gate potential, nominally defined by the donor impurities, can be modified by the source-drain bias leading to the pinch-off of the 2DEG [51] . We show, in Fig. S2 , the longitudinal (blue curve) and transverse (orange curve) resistivities as a function of magnetic field, recorded using two lockin amplifiers (Signal Recovery 7265, 13.8 Hz modulation, 1 nA). We clearly identify Shubnikov-de Haas oscillations in the longitudinal resistivity and the onset of Hall plateaus in the transverse resistivity. The existence of parallel conduction channels, in particular through the doping QWs, results in an overall trend in the resistivity curves that deviates from standard quantum Hall transport. This effect, well known in 2DEG transport [52, 53] , results from a trade-off in our device geometry between optimizing the optical properties and retaining good transport characteristics. It can be suppressed by thinning down the doping QWs, at the expense of an increased lightsensitivity of the device [36] .
III. OPTICAL POLARIZATION EIGENBASIS
In this section, we discuss the optical polarization properties of our sample and how they were used to obtain the measurements in resonance fluorescence (RF) configuration. In a first experiment, we excite the system non-resonantly at 632 nm and measure the k = 0 lower polariton photoluminescence center energy ( Fig. S3(a) ) and intensity ( Fig. S3(b) ) as a function of polarization angle. A half-wave plate in front of a horizontal polarizer was used to rotate the detection angle. We observe an energy splitting of ∆ xy = 20 µeV between the linear polarization eigenstates pointing along the crystalline axes of our sample. Note that these axes also align with the Hall bar and thereby the x-and y-axes used in all realspace images. A second experiment was performed with resonant excitation at finite k to verify that this birefringence still dominates compared to the TE-TM mode splitting at excitation angles relevant to our experiments. In Fig. S3(c) , polaritons are excited with polarization along x and detected along y which should be compared to Fig. S3(d) , where polaritons are excited at 45 • and detected at −45 • . The fact that the polariton cloud is still well suppressed in Fig. S3(c) shows that the eigenbasis is aligned with the x, y axes. 
IV. COUPLED OSCILLATOR MODEL
In the main text, we demonstrated the generation of electron density gradients (Fig. 2) and showed how they can be used to accelerate polaritons ( Fig. 3(a) ). Here, we characterize the energy E LP (x, k x ) of the lower polariton branch and calculate the resulting forces for polaritons. This allows us to predict the changes in polariton group velocity and finally the expected shape of the polariton cloud subject to this force ( Fig. 3(b) ). We restrict ourselves to the one-dimensional case of propagation along the x-direction which should suffice for the experiments without magnetic field. We identify the cavity thickness variation and the electron density gradient as most important contributions to LP energy variations. Starting from the conditions in Fig. 3(a) , we acquire four polariton dispersion relations: At the left side of the field of view (x = 0) for both applied bias voltages (∆V R = −2.4 V and ∆V L = −2.4 V) and the same for the right side of the field of view (x = 50 µm). We fit the following model to each of the four dispersions
where we keep the energies of the asymptotes fixed, namely the attractive polaron energy E attr = 1524.4 meV, the repulsive polaron energy E rep = 1525.9 meV and the light-hole E lh = 1529.5 meV. This simplifies the fitting by reducing the number of free parameters and is justified by observing that the Rabi couplings vary more strongly than the energies as a function of electron density. The cavity dispersion was approximated as parabola E cav (x, k x ) = E 0 (x) + 2 k 2 x /(2m cav ) with cavity mass m cav = E 0 n 2 cav /c 2 ≈ 3 · 10 −5 m e measured independently. The cavity wedge in this region is 2.7 meV/mm and the cavity detuning ∆ cav is measured from E 0 = 1524.2 meV at x = 0. The results are displayed in Fig. S4(a) with full lines referring to bias applied to the right and dashed lines to bias applied to the left contact. The Rabi couplings and cavity wedge have been interpolated linearly between the two measured points at x = 0 and x = 50 µm. By diagonalizing Eq. (S1), we extract the LP energy E LP (x, k x ) for right and left bias, see Fig. S4(b) and (c). Following the approach of [54] , we write Hamilton's equations of motion for the lower polariton
under which we propagate trajectories corresponding to the initial conditions of our experiment x(t=0) = 26 µm and k x (t=0) = ±1.2 µm −1 . These trajectories are shown in Fig. S4(b,c) for the two cases of bias voltages. In order to predict the RF signal obtained in our experiment we consider two more ingredients. First, the polaritons decay while propagating with a lifetime of τ ≈ 10 ps. Second, to model the RF configuration we assume that the injected polarization state at 45 • slowly rotates in accordance with the polarization splitting determined in the previous section ∆ xy / ≈ 0.03 ps −1 . Since we detect a real-space image, we create a histogram of the xpositions visited by the trajectories and weight them with w = exp (−t/τ ) · (1 − cos(∆ xy t/ )) to obtain Fig. S4(d) .
The normalized difference of this histogram is shown in the main text, Fig. 3(b) . This analysis neglects variations of the effective mass (or polariton cavity content) during propagation. We verified that the result does not depend sensitively on the parameters τ and ∆ xy . We want to point out that for the interpretation of the real-space images, one has to take into account the effective mass of the polaritons, which might be negative. Consider the full line in Fig. S4(d) , where polaritons are accelerated to the left. Due to the large in-plane momentum k x , the acceleration actually reduces the group velocity during propagation. This leads to an excess of polaritons on the left side compared to acceleration in the opposite direction (dashed line). If we had access to a larger field of view, we would expect the normalized difference to change sign. The total number of polaritons stays the same when subjected to accelerating potentials but the position where they are re-emitted as photons changes.
V. ELECTRICALLY CONTROLLED SPIN DENSITY GRADIENTS
We supplement Fig. 4 of the main text by showing that the spin polarization gradient around ν = 1 is tunable by the external bias similarly to what was shown for the electron density gradient. For this, we compare in Fig. S5 two spatial maps of the polariton reflectivity taken at opposing voltages (a) ∆V R = −0.17 V and (b) ∆V L = −0.35 V. These voltages correspond to a balanced situation where the filling factor at y = 25 µm is equal and the gradient opposite. To assess the degree of spin polarization S z of the 2DEG, we measure polariton dispersions in σ + and σ − polarizations for the two opposing source-drain biases at three different y-positions. The coupled oscillators fit to each of these dispersion spectra yields values of the Rabi splittings entering the definition of S z at these three spatial positions and for the two opposing source-drain biases. The resulting S z values are reported as black dots in panels (a) and (b) with error bars extracted from the fit parameters.
